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SUMMARY PAGE 
THE PROBLEM 
One aspect underlying the release of catechols and steroids as indicators of flight 
stress which has not previously been investigated concerns the role of the vestibular organs 
in such release. The purpose of the present report i s  to demonstrate that these organs must 
be taken into account. 
F INDINSS 
Six mcn w;th labyrinthine defects and e!even normal subjects were exposed to flight 
stress in an AD5 aircraft in an effort to determine the role of the vestibular organs in  the 
excretion of catechols and steroids. Chemical measurements revealed that a significant 
increase in excretion of these stress hormones occurred in  response to f i  ight stress in case 
of the normal but not of the L-D subjects w5ich must have been attributable to the presence 
and absence, respectively,of the sensory organs of the inner ear. N o  significant changes 
in release of uropepsin were observed for either group. 
It i s  concluded that the vestibular organs must be taken into account in evaluating 
the effects of actual and simulated flight stresses w b e  h e  gravitational inertial force 
environment i s  a variable. 
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INTRODUCTION 
The history of investigations on flight stress using catechols and steroids as indicators 
i s  comparatively brief but revealing (2,4;6-10; 14-16; 18-25). It has been demonstrated 
that epinephrine, norepinephrine, and secretions of the adrenal cortex are released as a 
result of the interactions between the flyer and stressful factors arising out of his task and 
environment. Epinephrine, especially that stored in the medJIla, may be quickly released; 
that i t s  release i s  mainly dependent on psychological factors i s  declared 1) by i t s  appear- 
ance prior to flight (6), 2) by a sometime lack of proportionality to physical stress (20), 
and 3) by the phenomenon of habituation (7). The secretion of norepinephrine, mainly 
released at the sympathetic nerve endings, need not parallel that of epinephrine; i t  i s  
closely reluied io siressFiil ~ G C ~ C G  c;ffz~tIng p h ~ ~ i ~ l o g i ~ ~ !  :esp ses  but 
of or anxiety during flight (6). 
' I  tc ant!cinntinn r ------ 
These findings are supported by the results of investigations uti l izing a human cmtr i -  
fuge. It has been shown 1) that "mock acceleration'' was equivalent to a high level of 
centripetal force for the release of epinephrine but not norepinephrine (10); 2) that the 
increase in norepinephrine was proportional to the level of G force while the increase in  
epinephrine w m  not (9); 3) that on repeatedly exposing subjects to modzrate levels of 
accelerative force the release of epinephrine declined but no habituation wos demonstrable 
in the output of norepinephrine (7); and 4) that the affect states anxiety and aggression 
were associated, respectively, wrth relatively low G tolerance-high epinephrine release 
and relatively high G tolerance-high norepinephrine release (3,26). 
Investigators utilizing adrenal cortical hormones or their metabolites as indicators 
have demonstrated increased secretion in response to such factors in flight as the force 
environment (25), amount of danger (18), duration of exposure (25), the degree of res- 
ponsibility placed on the flyer (18,19), and his "susceptibility to fatigue (25)." There 
i s  good evidence that a hierarchy exists in rank order of factors affecting these secretions 
(20,25). Moreover, there are hints of differential secretions of these hormones and that 
they need not parallel the release of epinephrine and norephinephrine (20). 
One aspect underlying the release of these "stress hormones'' which has not been in- 
vestigated concerns the role of the vestibular organs, and i t  i s  the purpose of this report 
to demonstrate that they must be taken into account. 
PROCEDURE 
SUBJECTS 
The clinical findings and results of functional tests of auricular sensory organs in the 
six men wrth labyrinthine defects, hereafter termed L-D subiects, are summarized in 
Table I. The normal group was comprised d eleven men on active duty in the Navy. 
Six of the eleven wzre medical students serving as "summer residents." The remaining 
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five subiects had been aviation training candidates but at the t ime of the experimznt 
w2re awaiting release from the flight training program; they had not yet entered the 
flight phase, and the reasons for their release did not vitiate their use as subiects. 
FLIGHT STRESS 
The flight procedure (Figure 1) was carried out in  an AD5 aircraft wlth a veteran 
Navy research pilot at the controls. The same sequence was followed 3n each flight, as 
follows: Take-off and climb to 12,000 feet, 360 degree turn at 60 degree bank to left 
and right (2.0 to 2.5 G), wingover to left and right, three aileron r o l l s  to the left, 
barrel roll to left and right, three aileron r o l l s  to the left, barrel roll to left  and right, 
and a split S coming out at approximately 5,000 feet at 4Gs. The sequence was carried 
out in a continuous manner so that the aircraft wus in  straight and level flight for only 
very short periods of time. If, at the end of the first sequence, the subject was ill, the 
aerobatics were discontinued and the pi lot returned the plane to the field. If vomiting 
was not imminent, the pilot climbed back to 12,000 feet and repeated the same procedure. 
These two sequences required approximately thirty minutes. 
METHODS 
Account was taken of the fact that excretion of  adrenal hormones varies widely 
among individuals and also has a diurnal pattern. Adrenal activity appears to be l ows t  
d.Jring the night resting hours as measured by urinary levels. Also, from preliminary 
experiments similar to the one reported on here, it was observed that practically a l l  of the 
increase in amines and steroids WJS excreted in a six-hour period foIlow;ng the single 
stressful incident. In prder to take these factors into consideration, the results for the 
normal and vestibular defective groups are tabulated separately with each acting as i t s  
own control. 
Two urine samples w'xe collected on each of  two days as follows: 1) a night ''resting" 
sample and 2) a six-hour "afternoon" sample on the day prior to flight and again on the 
flight day. Diet was not regulated except that adequate fluid intake was encouraged to 
ensure sufficient urine volume. A l l  subjects were instructed to get adequate rest and to 
avoid vigorous physical activity during the test and control days. 
Each voiding of the urine was split into two approximately equal portions. One was 
acidified (pH 1-2) with enough 6N sulfuric acid to stabilize the catechol amines and then 
was quick frozen; the other portion was used for the steroid and uropepsin determinations 
and was frozen without stabilizers inasmuch a i  they are stable under these conditions. 
The catechol amine determinations were carried out using the method of Crout (5), and 
Komel's glucuronidase hydrolysis method (17) was used for the steroids. The excretion rates 
of the adrenal hormones were expressed as micrograms per hour. Anson's method (1) as 
modified by Gray et al. (1 1) was used for the uropepsin determination and these results wme 
expressed as u n i t s a o u r .  
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RESULTS 
With regard to the clinical symptomatology, none of the L-D subjects expressed 
concern prior to flight and none manifested symptoms of motion sickness dx ing  flight. 
Four of the normal subjects expresskd moderate concern prior to flight, and in three in- 
stances the flight was terminated because of motion sickness; symptoms in the case of the 
fourth subject were nil. The remaining seven subjects expressed minimal concern prior to 
flight; one became sick and the flight was terminated; four experienced moderate malaise, 
and one of these "blacked out'' on two occasions; and two reported slight malaise. 
The results of the chemical measurements are summarized in  Table II and Figure 2. 
TI-- -----I I - . .L?--L I--#.-A " -:--: : - - -+I  
llle llCJllllUl X J U ~ C L I ~  relGUaGu u a l ~ " l f l C " , l l , ~  I q e :  cmcunt cf catec!?o!s and steroids 0" 
the afternoon of the flight compared with the nonflight day; there were no significant 
differences b e t ~ e e n  the resting scmnl~s r.- C)R the two days, The L-D subjects did not release 
a significantly larger amount of catechols and steroids on the two afternoons; they did re- 
lease a larger amount of norepinephrine during the night prior to flight than on the control 
day. No significant differences in release of uropepsin were observed between flight and 
nonflight days for either group. Although Gray and colleagues (1 1) found that uropepsin 
values increased with an increase in adrenal cortical activity in chronic stress or in certain 
pathological conditions, there wa-e no demonstrable changes in our experiment where the 
stress was limited to one brief exposure. 
DISCUSSION 
Insofar as the normal and L-D subjects are representatives of their groups, the striking 
difference in  response to flight stress must be attributable to the presence and absence, 
respectively, of the sensory organs of the inner ear. While our experimental design could 
not distinguish between the relative roles of the auditory and vestibular organs, the greater 
importance of the latter may be accepted on a priori grounds. If this assumption i s  allowed, 
i t  follows that a l l  of the flight stresses exceptfhosedirectly or indirectly mediated by the 
vestibular organs were insufficient to cause symptoms or release the stress hormones in the 
L-D subjects. These stresses included the effects of constraint, slight anoxia, a l l  except 
the vestibular effects of the force environment, and whatever effects were generated by 
nonphysical factors such as danger and concern over the unknown. With regard to the 
force environment, there was an almost continual change in the acceleration pattern 
affecting the sympathetic nerves involved in  circulatory adjustments, a mechanism to 
which von Euler and Lundberg (6) drew attention in attempting to explain the release of 
norephinephrine in test pilots. I t  would also follow that their lack of concern prior to 
flight and absence of anxiety during flight were indirectly related to their labyrinthine 
defects, possibly on the basis of insusceptibility to motion sickness (12). The fact that 
none blacked out i s  of interest in  view af the possible relation betwsen high blackout 
threshold and high norepinephrine level (27). 
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Inasmuch as the normal subiects were exposed to the same environmental factors as 
the L-D subiects, their response as indicated by the increased excretion of the stress 
hormones during flight must have been the result of unusual vestibular stimulation acting 
on neurohormonal mechanisms and whatever stresses were generated as the result of past 
conditioning. Our experiment does not provide for the separation of these tw9 factors, 
but in a l l  likelihood both wbre of etiological significance; some of the normals approached 
the flight with moderate concern which was not properly explicable on the basis of any 
danger involved but was based on anticipation of an unpleasant experience. The fact, 
however, that this was not reflected in a measurable release of epinephrine prior to flight 
indicates that "anticipation" was not of great significance. 
It cannot be assumed that the small number of normal and L-D subjects are fully 
representative of their groups. On another occasion the opportunity arose to expose an 
L-D subject who suffered from acrophobia to the same test flight. He was extremely 
anxious both before and during flight, but he did not manifest typical symptoms of motion 
sickness. The urine epinephrine increased 700 per cent over the control value. This 
indicates, i f  i t  does not prove, that the release of this catechol may be almost entirely 
of psychogenic origin. With regard to normal subjects the relatively small release of the 
stress hormones in the case of the astronauts (23, 24) indicates the importance of the 
human variable in i t s  interaction with environmental stress. A t  the other extreme, in at 
least two of the normal subjects psychogenic factors were a cause of symptoms under less 
stressful conditions in another experiment (13). 
The general conclusion from this study is that the vestibular organs must be taken 
into account in evaluating the effects of actual and simulated fl ight stresses where the 
gravitational inertial force enviro nment i s  a variable. Their effects may be the direct 
result of unusual stimulation or the indirect result of past conditioning. 
8 
REFERENCES 
1. Anson, M. L., The estimation of pepsin, trypsin, papain, and cathepsin with hemo- 
globin. J. gen. Psychol., 22:79-89, 1938. - 
2. Berman, M. L., Quantitative estimation of urinary metabolite of adrenaline and 
noradrenaline as ; ossible indication of tolerance to gravitational stress. 
Aerospace Med -I- 30:580-584, 1959. 
3. Cohen, S. I ., and Silverman, A. J., Psychophysiological investigations of vascular 
response variability. J. psychosom. Rev., - 3:185-210, 1959. 
4. Craven, C. W., and Smith, C. S., Steroid excretion in airmen under stress. 
AI- AAA Af i# -_A.CI  . A C C  j . aviat . ivied., L ~ : L U U - L U ~ ;  L I 8, I ~33. - 
5. Crout, J. R., Catechol amines in urine. In Seligson, D. (Ed.): Standard Methods 
of Clinical Chemistry. Vol. 3. New York: Academic Press, 1961. Pp 62-80. 
6. Euler, U. S. von, and Lundberg, U., Effect of flying on the epinephrine excretion 
~ 
in Air Force personnel. J . appl . Physiol . , - 6351-555, 1954. 
~ 7. Frankenhaeuser, M., Sterky, K., and Jaerpe, G., Psychophysiological relations in 
habituation to gravitational stress. Percept. Motor Skills, 15:63-72, 1962. 
8. Gofton, J. P., and McGrath, S. D., Studies of adrenocortical function in long- 
distance fliers. A preliminary report. J. aviat. Med., - 24:107-112, 1953. 
- 
9. Goodall, McC., Sympathoadrenal response to gravitational stress. J. clin. Invest., 
41:197-202, 1962. - 
I 
i 
10. Goodall, McC., and Berman, M. L., Urinary output of adrenaline, noradrenaline, 
l and 3-methoxy-4-hydroxymondel i c  acid fol lowing centrifugation and anticipation 
of centrifugation. J. clin. Invest., - 39:1533-1538, 1960. 
11. Gray, S. J., Ramsey, C. G., and Reinfenstein, R. W., Clinical use of the urinary 
uropepsin determination in medicine and surgery. New Eng . J. Med., 251: 
835-845, 1954. 
-
12. Graybiel, A., Vestibular sickness and some of i t s  implications for space flight. In 
Proceedings of Symposium on Neurological Aspects of Auditory and Vestibular 
Disorders, Texas Medical Center, Houston, March 14-16, 1963. 
~ 
9 
13. Graybiel, A ., and Johnson, W. H., A comparison of the symptomatology experienc- 
ed by healthy persons and subjects with loss of labyrinthine function when ex- 
posed to centripetal force on a counter-rotating room. Ann. Otol . , etc., S t .  
Louis, in press. -
14. Hale, H. B., Sayers, G., Sydnor, K. L., Sweat, M. L., and Van Fossan, D. D., 
Blood adrenocorticotrophic hormone and plasma corticosteroids in men exposed 
to adverse environmental conditions. J. clin. Invest., 36:1642-1646, 1957. -- 
15. Hale, H. B., Yratochvil, C. H., and E l l i s ,  J. B., Jr., Plasma corticosteroid 
levels in aircrewmen after long flights. J. clin. Endxrin., 18:1440-1443, 
1 958. 
7 
16. Hale, H. B., E l l i s ,  J. B., Jr., and Kratochvil, C. H., Effects of piloting super- 
sonic aircraft on plasma corticosteroids and bicarbonate. J. appl . Physiol . , - 
14: 629-631, 1959. 
I 
17. Kornel, L., A modification of Silber-Porter method for urinary 17-hydroxycorti- 
costeroids conjugated with glucuronic acid. Metabolism, 9:82-84, 1960. - 
18. Marchbanks, V. H ., Jr., Effect of flying stress on urinary 17-hydroxycorticosteroid 
levels. Observations during a 22 l/Z-hourmission. J. aviat. Med., 29:676- 
682, 1958. 
- 
19. Marchbanks, V. H., Jr., Flying stress and urinary 17-hydroxycorticosteroid levels 
during twenty-hour missions. Aerospace Med., 31 :639-643, 1950. -
20. Marchbanks, V. H., Hale, H. B., and E l l i s ,  J .  P., Jr., Stress responses of pilots 
flying 6-hour overwuter missions in F-100 and F-104 aircraft. SAM-TDR-62-112. 
Brooks Ai r  Force Base, Texas: School of Aerospace Medicine, 1962. 
21 . Meehan, J .  P., and Jacobs, E., Physiologic prodJction of catechol amines in 
response to several physical stresses. WADC Technical Report 59-534. Wright- 
Patterson Air  Force Base, Ohio: Wright A i r  Development Center, 1959. 
22. Mendelson, J., Kubzansky, P., Leiderman, P. H., Wexler, D., DuToit, C., and 
Solomon, P., Catechol amine excretion and behavior during sensory deprivation. 
Arch. ge:7. Psychiat., - 2: 147-155, 1960. 
23. Minners, H. A., Douglas, W. K., Knoblock, E. C., Graybiel, A,, a:id Hawkins, 
W. R. ,  Aeromedical preparation and results of postflight medical examinations. 
In Results of the Fi rs t  United States Manned Orbital Space Flight, February 20, 
1962. National Aeronautics and Space Administration, Manned Spacecraft 
Center. Pp 83-92. 
10 
24. Minners, H. A., Wnite, S. C., Douglas, W. K., Knoblock, E. C., and 
Graybiel, A., Aeromedical studies. Clinical aeromedical observations. 
In Results of the Second United States Manned Orbital Space Flight, May 24, 
1962. NASA SP-6. National AeronaJtics and Space Administration, 
Manned jpacecraft Center. Pp 43-53. 
25. PinclJs, G., and Hoagland, H., Steroid excretion a!id the stress of flying. 
J. .aviat. Med., 14: 173-193, 1943. 
I 
26. Silverman, A. J., a:?d Cohen, S. I., Affect and vascular correiates to catechol 
amines. Psychiat. res. Rep., 12:16-39, 1960. -- I 
27. Zuidema, G. D., Silverman, A. J., Cohen, S. I., a:?d GoDdall, McC., 
Catechol amine m d  psychologic correlates of vascular responses. New Eng . 
J. Med. , 256~976-979, 1957. - 
